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Brief Summary of Lab

>Why and how to pick a calibrator?

>1SC calibration tools (PTI and Kl)

QD QD QD QD

> Target vetting criteria

>Sample systems to try out

~lLab demos

>Overview of samples
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Why do we care about
calibration?

>Interferometer response function

system visibility - uniform disk
IVIZ2 = (2 J.(X) / X )2 where x =TtB3 /A

>System response

geometry with respect to target
brightness
color

bolometric flux - F,,, = moT4/m where m -
best fit factor



> Known Solutions

~lbinaries, resolved stars, circularly symmetric,
simple geometry, limb-darkening, etc.

>Peripheral Knowledge

~lestimated angular diameter
~lastrophysics of source (e.g. variability)
~lspectral energy distribution (SED)
~lHipparcos/SIMBAD/ADS classifications

>Scientific Experiment - goals




Tools - getCal and gcGul

FWritten by A. F. Boden as part of PTI
reduction tools suite. Now upgraded and
maintained by ISC at IPAC/Caltech for use
with Keck Interferometer.

~lgetCal Is original command line interface

~lgceGui Is updated GUI with most common
functions and additional modules for added
functionality




getCal GUI: The Basics

f| getCal GUI vO.53dey (getCal v2.4pres)
| File

Object DESﬁQﬂ&TﬁGHﬁPGS-”TM | T » hame | HD

" MNo Calibratorsia Lo viT i Lc Il Max Diam (mas)

r Ca11bratﬂr Search Had1u5f'”
Min W | ™ Max V| M . I~ Max K
" Simbad Query

" Timing Info

| fbol diametersf_ IR Data}“ Constrain Temp il fbol Plots

cal Script CﬂmﬂG51t1ﬂﬂj” Parallaxll EKeck skyw fmt| | behem Display

Dispatch




List of potential Calibrators

### GUI cataTDg From getCa1 vE 4Dr65 ###

Resolving target mira. vwa SIMB#D > : _ JERRAAT
“target HD 14386 ' R PRI
CHIP 10826 (HD. 14336} has h13 varwab111ty F1ag SEt {3} - :
it with 1,303 mag scatter. in. 82 observations. R PR 10080 8Tt 20E ey S oo
;Swmbad Search HD 14386 Type varwab1e Star OF era Cet tyﬁe M?IIIE U 3 G4?;j:;;:jjg:gg

fHIP 8998 {HD 118G3} has h15 mu1t1b16 tcmpOHEHt FTag Set to C - JCRRLE A LR
; the C- des1ghat10ﬂ 1nd1Cates So1ut10ns were. Found For 1nd1v1dua1 companentsf;ﬁjg;f;jggiﬁ

L2 components :
= componemt-—— ﬁ—-ﬁ 844 o HTQ,,,;;jﬁ_ig_Qvfm_gﬁﬁj;;ggﬂn_“ns._asu_a
A Component —= V=6 .936 at Seﬁ 1 TBEEHPEEECEP& 238 deqg

¥51mbad Search HD 118G3 Type var1ab1e Etar F?U+ U &, G1
{S1mbad Search HD 12641 Tyme var1abTe Star GEII III+ U 5 956
f51mbad Search HD 13456 Type Star FSU u 6. GGS S

fHIP TGEGS {HD 13612} haE h15 mthwﬁWE CDmDoﬂent F1ag Set tO C - el
e the o des1gﬂat1@ﬂ 1nd1cates So1ut1ﬂns were. Fouhd For 1nd1v1dua1 comﬁGHEHTS;;ﬁﬂij}jﬁﬁgﬁ

S components
iy componemt.——-v~-5 ??2

;HIP 10305 CHD 136123 has - h15 aatrametrwc Source F]ag Set tO P

with solution: quality Tisted as A-

f51mbad Search HD 13612 Type H1gh br@per mot1on Star FBU U 5 68 _?Hﬁafﬁ;ﬁﬁ;ffﬂﬂf*fﬁ
;51mbad Search HD 14691 Tybe Star Fﬁu u 5 43? ' : R

fHIP 11&46 {HD 1469G} haS h15 var1ab111ty F]ag Set {1}

Cwith 0,006 mag scatter in 88 observations. oo

1%%_%,%%%###%h#@#;%#%%##i#%%#%




Bolometric flux information

ﬁf$fﬁ .........................................................................................

A |
.E### Bolometric Flux Diameter Fit resul ts ###
Fli# option stdin

# 1 ocommand  1ine drguments processed

# ChisSqgr Fobol {104=8
®ostar Tetf{kD /DOF DOF erg/cme /s

[### Simbad query  resul ts ###
# Simbad Search HD 11803 Type: Variable Star - Fev+. .. V=601

&g
Size . {mas)

P

Filters




Photometric fits...




Sky coverage - annually and nightly

= ge-_tC.al_ GUl 1_:[1.5 _3(1 ey (getCal _vE__.a"l p reb)
| File

Object Designation/Pos|mira v hame

Max Diam Cmasl

F11nm1r (PTI)

© fboT d1quTPrf
#Ephem Display




—

Annual calendar

obsCalendar GUI vO.1dev {(getCal v2.4preb)

=

File Target

Help

Observing calendar {obsCalendar v2.1dev) run at 6/18/2002 UTC, day 20021869
for tTimings in 2002 UTC

Using FPalomar Location (long: —-116:51:4%8 Tat: +33:21:24)
Using Palomar Location {long: —-116:51:48 Tat: +33:21:24)

Current

B/18/2002

2002169

2007 UT

Current Date Year Day Calibrators Tonight I Print I Close h




Nightly scheduling

—

timing GUI vO.85dev (getCal v2.4preb5)

o=

File Target Baseline

Help

Using Falomar Location {long: —-116:51:48 Jat: +33:21:242
Timing summary Ctiming w0.53dev) run at 651872002 UTC, day 20021639
for Timings on 11/1/2002 UTC, day 2002305
Using Falomar Location {long: —-116:51:48 Jat: +33:21:242
Lsing FTI_MS Baseline CEMUEBias: —-37.116352 —103. 264746 3 319338 —12.915245)
Using FTI_MW Baseline (EMUBias: -81.685124 -25.214086 3,105647 $.0314162
The I0 at & hr UT is 2452579.5 (precessing coordinates to this datel
The LST at ¢ hr UT is 18:53:00

Current
2027 UT
15:23 L=T
12:27 Loca

Intersection Track Zy Track Delay Track Obscured Track
Current UT/LST Sunrise/sunset Time Labels Calibrators

BaSe1ine|PTI_NW




UV Information

—

u—v Tool v.83d

|

u—v Tool v0.83dev (getCal v2 4pre5)

File Target Easeline

File Target Baseline

Plot scale wavelength Cmi

Flot scale

M1ambda =

wavelength {micronsl |2.2

Rescale

Current Time

Using Palomar Location (long: —116:51
Timing summary Ctiming v{.53dev) run 3
tor tTimings on 11/71/2002 UTC, day 20
Using Palomar Location (long: —116:51
Using PTI_NS Baseline CEWUBias: —37.1
Using PTI_MW Baseline (EWNUEBias: —-81.6
The 10 at ¢ hr UT s 2452579.5 (preces
The LST at © hr UT s 18:53:00

Using Palomar Location Clong: —-116:51 ;48

Tat: +33:21:242

Timing summary Ctiming v0.53dev> run at 6/18/2002 UTC, day 2002169

for timings on 11172002 UTC, day 2002305
Using Palomar Location {long: -116:51:48
Using PTI_MWS Baseline (ENUBias: —-37.116352
Using PTI_NW EBaselins (ENUEias: —-81.8685124

The JD at ¢ hr UT 1is 2452579.5 (precessing
The LST at @ hr UT is 18:53:00

Tat: +33:21:242

—103,26d4746 3,319338 —-12.915245)
—-28.214086 3.105647 O, 0314162
coordinates to this datel

[
20031 UT 15:27 LST j12:31

= - |
Current Time [20:32 UT 15:28 LST f12:32 Loca

Intersection Track

Current UT/LST

28 Track Delay T

Hour angle

Intersection Track

i Track Delay Track

Chost Track

Fringe Sp_

Current UT/LST

Hour Angle Fringe Spacing




Command Ilne mterface: getCaI help

Window Edit Options

Usage: getCa1 [target oﬁfﬁohsj tafhéknébfioﬂsj

scan for wisibility calibrators and format for the GUI, and
optionally correlate SIMEAD database information, compute target
accessibility time intervals and plot on the sky using =xephem.

Options:

-help, -longHelp : help messages of wvarious granularities. Mo
argument. Overrides all other arguments.

—targetlame : define farget by common name (i.e. jota_pegd, and
resolve into catalog idfcoordinates by SIMBEAD., no default,
argument required when used.

—-targetHD | —-targetHIP | —-targetDM : define target by HDIHIFP|DM target
designation. no default, argument reguired when used.

—-zearchRa, —-searchDec : calibrator search input coordinates, no
defaul t, argument required. ({see -longHelp for format.>

—-zearchRadius : calibrator proximity search radius, deg, default 10,
argument required when used.

—maxV, —-miny, —-maxk, -mink : calibrator magnitude 1imits, mag, default
2.5, 1.0, 5.0, 1.0 respectively, argument required when used.

—maxab o maximum calibrator angular diameter, mas, no default,
argument required when used.

-1Class : calibrator luminosity class selection, I, II, III, IV, ¥,
all, default ¥V, argument reguired when used, multiple instances




Target Vetting Criteria

FEBasic Information
~Resolved/Unresolved

AlSingular or apparently so
(Hipparcos/Simbad)

~ISKky coverage - compatibility with target(s)
XJUV Tracks

X]Annual availability

~lMagnitude (SNR)




(Un)resolved sources

Baseline 110m
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Hipparcos Flags

>Variabllity (V) - classed as a number

depending upon mag. of variations

>Orbital solution (O) - orbital soln. found

with SMA separation and period

>Components solution (C) - individual
components in multiple system resolved
and separated with PA

>Stochastic Motion (X)

QD QD

>Acceleration or higher order terms (G)



Sky Coverage Limitations

Delay and Zenith Angle Limits, PTI
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Magnitude Limits at PTI

K Band - Reliably acquire data down to
about 5th mag. with current dewar
~INew dewar - have acquired well below 6.5

mag., expect to work reliably close to that
range

>H and J bands - About 1-1.5 mag.

brighter, depending upon sky conditions



Diameter
[XISpectral Type
X]Estimated bolometric flux

SIMBAD/ADS - Red Flags

XISanity check (SpTy, distance, magnitudes)
XIVariability

XIDouble/confused

[X]Fast rotator

[XICalibration standard

XIPapers - how many, what types, anything odd
Real data - acid test

XI(un)resolved nature

XInightly and long-term variations
[XISNR, color, other “gotchas”



Experiment 1 S

§6 Altair

AHD187642, A7IV-V, (S
194.95 mas parallax S

~AIPhotometric fits:
T=8156+/-83K,
3.22+/-0.46 mas
diameter

(~IRapid rotator - we are
looking for asymmetry
with respect to hour
angle




Experiment 2

& Mira e
~IHD14386, M711le, 7.7988

mas parallax
~IPhotometric fits from

Fbol are bad...expect
temp. around 3000 K

(~IPrototype mira variable
star (R—250R,, )-
looking for evidence of
pulsation with phase




Experiment 3 &

F$TZ Tri .

(~IHD13480, G5I11+,
10.68 mas parallax

~IPhotometric fits
suggests 1.33 +/- i :
(~IHipparcos separates
components @ 3.9”

~IRS CVn type variable
spectroscopic binary
for which we want to
obtain an orbital
solution







Altair Options:

#£<10° sep., <1.0 mas, £<10° sep., >1.0 mas,

> 4.5@K, no flags > 4.5@K, no flags

~HD182900, HD183227, ~NHD181122*, HD183492,
HD187691, HD188350, HD184013, HD187660,
HD189090, HD189322, HD189322*, HD193373,
HD190406 HD194013, HD194937

A1* = ancillary
photometric info
suggests resolved



Altair choices In practice:

# HD187691 - F8V @ 1.6°
sep. and about 0.72 mas
In diameter

6 HD187923 - GOV @ 2.8°
sep. and about 0.55 mas
In diameter - not on
original list as it was too
faint

& Comparison to Vega
rather than nearby
resolved calibrator

# van Belle et al., 2001,
ApJ, 559, 1155.

S

e,

KT -1h5

Relative Right Ascension | 10" m)

-1 .1}

ation ( Ill“ )

1]

Relative Decl

-1.3



Mira Options:

#£<10° sep., <1.0 mas,
> 4.6@K, no flags,
dec no too low

~IHD12573, HD15004,
HD15328, HD15633,
HD16824, HD17616

#<10° sep., <1.0 mas,

> 4.5@K, no flags, dec

no too low

~IHD12641*”, HD13468,
HD14129, HD15694,
HD15779, HD16400,
HD17791*

~]* = ancillary info.
suggests larger diameter

[~ = different SpTy from
ancillary info - RED FLAG




Mira note:

F1f you used basic info given to date you

might have noticed Mira Is too large for PTI

N\

N\

N\

©=d/D whered=500R,,,& D = 128 pc

sun

d= 3.5E11m & 4.0E18m & 1 rad=206265"
©® = 18 mas

£ 1f you had checked the literature you would

have noticed that Ridgway (1992, AJ, 104)
observed It to have a size of 36.1+/-1.1
mas at 2.2 microns



TZ Tri1 Options:

5<10° sep., <1.0 mas, >
5.0@K, no flags

~IHD9714, HD10095,
HD11007, HD12402%,
HD12535, HD12638,
HD13555, HD13691,
HD14067, HD14055,
HD14875", HD15257™*,
HD15335, HD15673,
HD161/6, HD16220,
HD1/7228, HD18202™

Q

@

><10° sep., 1.0-2.0 mas, >
5.0@K, no flags

(~IHD10348*, HD10975,
HD11453", HD13363,
HD13747, HD14969,
HD15152, HD15176,
HD15464, HD17361*

~]* = ancillary info suggests
different diameter range

AN = no available
photometry to estimate size



TZ Tri choices In practlce

¢ On our list: HD14055 &

120

HD15335

32 Not on our list: HD18411 '
(13.3° sep), HD17573  «i

(var), and HD11973 4
(double)

n
Hour Rregla
Phaae 90-135

# Data taken before the
existence of getCal suite ..
all calibrators used were “f

0.2fF

unresolved to PTI

45 Results: Assuming R—~0.3
@ 2.2um, a=1.2+/-
0.1mas and
|\/Itot<:1'5|v|8un

#5 Koresko et al. 1998, ApJ,
509, L45.

1.2F
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12F

asf

s

azf

0L

]
Hawr sngla
Phoas 135—180

asf
5 asb
adf

azf

0L
s




PTI Collaboration:

Qo (aWs) (aWs) Qo Qo QoD Qo Qo Qo Qo

>R. L. Akeson F M. Shao

>R. J. Bambery M. R. Swain

5A. F. Boden FR. R. Thompson
>M. M. Colavita F£G. T. van Belle
>M. J. Creech-Eakman # G. Vasisht

>C. D. Koresko

>S. R. Kulkarni 48 Special thanks to:
°B. F. Lane (~1J. Mueller

P R. Lawson (~IK. M. RykoskKi
>R. P. Linfield

http://huey.jpl.nasa.gov/pal omar/index.htmi



Software:

#F£This work has made the use of software
produced by the Interferometry Science
Center at the California Institute of

Technology




